INTRODUCTION
============

Autism spectrum disorder (ASD) is a chronic disease that is characterized by communication and social interaction disabilities, as well as by the presence of repetitive and stereotyped behaviors.[@ref1] Since these symptoms begin at infancy and early childhood, the psychological distress and burden to ASD patients and their family members are severe, and considerable socioeconomic costs are required for their treatment. Moreover, although various treatment methods have been attempted, a lack of treatments leading to marked improvements in the autistic state persists, likely due to the fact that the disabilities demonstrated by ASD patients appear across all domains of cognition, affect, and behavior.

Despite this, several research have recently shown that not all functions are reduced in ASD patients, and that some ASD patients can perform certain functions extraordinarily well.[@ref2],[@ref3] ASD patients who exhibit superior abilities are referred to as "savants." The arts field, such as visual arts and music, is one particular field that has received attention in this regard. For example, Glenn Gould, a globally renowned pianist from Canada, showed various psychological and behavioral characteristics that pertained to ASD.[@ref4] Stephan Wiltshire, a famous autistic artist from England, was referred to as the "human camera" because he drew the urban landscapes of New York, Tokyo, and other major cities very precisely, down to the finest details, after a single helicopter ride.[@ref5]

There have been many psychological and neuroscientific attempts to explain the extraordinary abilities of such ASD patients in specific artistic fields. Boso et al.[@ref4] explained these abilities with a theory of "weak central coherence."[@ref6],[@ref7] That is, rather than connection impairments among areas in the brain causing weak central coherence, "domain-specific" knowledge may increase excessively, leading to outstanding abilities. Wallace et al.[@ref8] scanned the brain of an autistic patient with ingenious talents for drawing using magnetic resonance imaging (MRI), and found that cortical thickness was significantly lower in the medial prefrontal area, premotor area, and middle temporal area, while cortical thickness of the superior parietal lobule was significantly higher than that of normal individuals. They argued that the results of their study could explain the lower social cognitive abilities and higher visuospatial abilities of the patient.

There have been many efforts to promote the social rehabilitation of ASD patients with superior artistic abilities through the use of their talents. A social enterprise in Korea offers a design school for autistic patients, and recruits them into other professional design companies.[@ref9] Efforts have also been made to improve the sociability of autistic patients through music or art education.

When typical ASD patients who do not demonstrate superior artistic abilities have an aesthetic experience through creating or appreciating aesthetic works, a question remains regarding whether their aesthetic judgments are similar to those of normal individuals, and whether brain activities related to aesthetic judgments differ from those of normal individuals when aesthetic judgments are made. Research addressing these questions has not yet been reported.

"Neuroaesthetics" refers to the research field that explores the brain mechanisms underlying aesthetic experiences. Neuroaesthetics focuses on changes that occur in the brain during aesthetic experiences, or when making aesthetic judgments, through neuroscientific methods, and is currently a tremendously popular field.[@ref5],[@ref10]

For example, Cupchik et al.[@ref11] reported that aesthetic experiences were related to the activation of brain areas related to emotion, such as the bilateral insula. Kawabata and Zeki[@ref12] examined normal subjects who were asked to judge various paintings as "beautiful," "neutral," or "ugly," and found increased activation in the orbitofrontal cortex for paintings that were judged to be "beautiful," and decreased activation in the orbitofrontal cortex and increased activation in the motor cortex for paintings that were deemed "ugly."

The medial frontal area around Brodmann areas (BA) 9 and 10 and the ventral prefrontal cortex around BA 45/47 are also known to be activated during aesthetic experiences. There are also reports that the medial frontal area is activated simultaneously with the posterior cingulate gyrus or precuneus. Whether these areas are activated specifically for aesthetic judgments or whether they are areas that are generally activated for tasks involving social judgment is currently under considerable debate.[@ref13],[@ref14] Vartanian and Goel[@ref15] argued that the activation of the anterior cingulate gyrus and caudate nucleus changes according to changes in preferences for pictures, suggesting that aesthetic experiences are related to activation of the brain's reward system.

Son et al.[@ref5] organized topics related to neuroaesthetic research into six categories: 1) aesthetic experiences and the brain's reward system, 2) embodiment, 3) differences in brain activation between aesthetic and pragmatic views, 4) differences in aesthetic experiences according to the type of artwork expression, 5) aesthetic emotion, and 6) sublime. Further, Kim[@ref16] emphasized that various contextual effects that control aesthetic experience must be taken into account in neuroaesthetic research, and that the number of reports on changes in the activation of the brain's default mode network during aesthetic experience is increasing in recent neuroaesthetic research studies.

In the present study, we aimed to examine whether typical ASD patients without superior artistic abilities show different characteristics from normal individuals when making aesthetic judgments on artwork, and whether there are differences in brain activation between typical ASD patients and normal individuals when making such aesthetic judgments, using functional magnetic resonance imaging (fMRI). Moreover, in order to determine whether there are differences in aesthetic judgment and brain activation between the two groups when the type of artwork differs, we selected two types of artwork (magnificent landscape images and fractal images) for this study.

METHODS
=======

Subjects
--------

The subjects in the ASD group were recruited through child and adolescent psychiatric clinics in Seoul and Cheongju, while the subjects in the control group were recruited by use of advertisements in general psychiatric clinics, high schools, colleges, and academies located in Seoul. The criteria that were used for both groups were as follows: 1) an age of 15--22 years, 2) IQ of 70 or higher based on the results of the short form intelligence quotient test, 3) no previous private art education (aside from regular art education at school) or previous education from an art academy (college students must not be majoring in the arts field), 4) no history of brain injury or seizure disorders, and 5) no severe medical conditions. In addition, subjects in the ASD group were diagnosed with ASD by psychiatrists who had completed child and adolescent psychiatry fellowships, and in accordance with Diagnostic and Statistical Manual of Mental Disorders-5 (DSM-5).[@ref1] In addition, they did not meet criteria for major mental disorders, based on the Kiddie-Schedule for Affective Disorders and Schizophrenia-Present and Lifetime Version-Korean Version (K-SADS-PL-K),[@ref17],[@ref18] which is a semi-structured interview for diagnosing mental illnesses in children and adolescents. The subjects in the control group had no history of mental disorders, did not satisfy the criteria for the DSM-5 diagnoses for ASD, and also did not meet the criteria for any diagnoses based on the K-SADS-PL-K. All subjects completed the short form intelligence quotient tests, K-SADS-PL-K, and all assessments of psychological characteristics used in this study. Only the subjects who were not disqualified due to head movement and also completed the E-Prime Version 2.0 (Psychological Software Tools, Pittsburgh, PA, USA). tasks during the fMRI scan were included in the analysis. There were 17 subjects in the ASD group and 19 subjects in the control group for the analysis.

This study was conducted in accordance with the final version of the Declaration of Helsinki and was approved by the Bioethics Committee at Chungbuk National University Hospital (IRB No. CBNUH 2013-11-007-001). Subjects were required to complete a consent form after a thorough explanation of the purpose and methods of the study was provided, either to the subjects themselves, if they were 19 years of age or older, or to both the subjects and their parents, if they were under 19 years old.

Intelligence and psychological assessment
-----------------------------------------

### Intelligence assessment

The short form of the Korea Educational Development Institute Wechsler Intelligence Scale for Children was used to evaluate the intelligence of adolescent subjects in the age of 15, and four subtests were conducted, on "Similarity," "Picture Completion," "Arithmetic," and "Block Design." The short form of the Korean-Wechsler Intelligence Scale III was used to assess the intelligence of subjects 16 year or older, and two subtests were performed, on "Information" and "Picture Completion."

Assessment of psychological characteristics
-------------------------------------------

### Autism-Spectrum Quotient (AQ)

Autism Spectrum Quotient (AQ) is a self-report questionnaire that evaluates the autistic tendencies of an individual with normal intelligence. Higher scores imply stronger autistic tendencies.[@ref19] This study used a questionnaire that was adapted by five psychologists who majored in psychology with at least 20 years of professional experience.[@ref20] The questionnaire included 50 questions, each of which could be scored from 0 to 1 point, for a total score range of 0--50 points. The reliability coefficient (Cronbach's α) of the questions was 0.71.

Empathy Quotient (EQ)
---------------------

Empathy Quotient (EQ) is a self-report questionnaire that measures empathy, which is the ability to understand, consider, and empathize with another person's feelings. Higher scores imply a greater level of empathy.[@ref21] This study used a questionnaire that was adapted by five psychologists who majored in psychology with at least 20 years of experience.[@ref16] The questionnaire includes 20 questions unrelated to empathy and 40 questions specifically testing empathy. Each question could be scored from 0 to 2 points, for a total score range of 0--80 points. The reliability coefficient (Cronbach's α) of the questions was 0.79.

Systemizing Quotient-Revised (SQ-R)
-----------------------------------

Systemizing is the ability to understand and analyze a system that operates according to a principle and also to determine the corresponding rules. While ASD patients have reduced empathy, they are believed to have relatively strong systemizing abilities.[@ref22] Systemizing Quotient-Revised (SQ-R) is a self-report questionnaire that can assess systemizing skills. Higher scores imply higher systemizing abilities.[@ref23] Each of the 75 questions is scored from 0 to 2 points, for a total score range of 0--150 points.

fMRI implementation plan and data analysis
------------------------------------------

### Experimental fMRI design

This study was an fMRI study with a block design. The images to be used for the experimental task during the fMRI scan were collected from the internet. First, magnificent landscape images and fractal images with high resolution were selected. There is a precedence for using magnificent landscape images[@ref10] or fractal images[@ref24] from previous neuroaesthetic studies, and this study selected new images referred to by these studies. All images were PNG files, with the image resolution set to 640×480 so that they could be used during the fMRI scan. A total of 48 pieces of artwork were selected, including 24 magnificent landscape images and 24 fractal images ([Fig. 1](#F1){ref-type="fig"}).

![Examples of (A) aesthetic-landscape task, (B) aesthetic-fractal task, (C) control-landscape task, and (D) control-fractal task. Aesthetic judgement block was introduced by a instruction "Press the button depending on how much you are attracted to the beauty of the work" and Control block was introduced by a instruction "Press the button according to the degree of blue tone" in Korean.](JKACAP_29_101_fig_1){#F1}

The aesthetic judgment task and the control judgment task were designed with the stimuli categorized into landscape or fractal images. Therefore, a total of four different judgment tasks were required: 1) an aesthetic judgment of the landscape images, 2) an aesthetic judgment of the fractal images, 3) a control judgment of the landscape images, and 4) a control judgment of the fractal images. Ultimately, a 2×2 factorial design was used. Each judgment task consisted of 6 blocks, for a total of 24 blocks. Each block started with a prompt for 4 seconds and then four trials were conducted, with each trial lasting 4.5 seconds. After each block, a 12-second resting period occurred. Including 6 seconds for a dummy period, the total scan time was 13 minutes and 42 seconds.

Before the fMRI scan, the subjects used a laptop computer in a waiting room outside the fMRI room to practice each task. The image stimuli that were presented during the practice were different from the stimuli that were used during the scan.

Task stimuli were presented using E-Prime Version 2.0. The details of each task condition were described below.

"Aesthetic-landscape (AL)" task

The prompt, written in Korean, stated "Press the button depending on how much you are attracted to the beauty of the work," then the landscape images were presented one by one. Subjects pressed a button signifying 1 to 4 points according to how beautiful they judged the artwork to be. 1 point meant they were least attracted to the artwork, while 4 points meant they were most attracted to it.

"Aesthetic-fractal (AF)" task

The prompt, written in Korean, stated "Press the button depending on how much you are attracted to the beauty of the work," then the fractal images were presented one by one. Subjects pressed a button signifying 1 to 4 points according to how beautiful they judged the artwork to be. 1 point meant they were least attracted to the artwork while 4 points meant they were most attracted to it.

"Control-landscape (CL)" task

The prompt, written in Korean, stated "Press the button according to the degree of blue tones," then the landscape images were presented one by one. Subjects then pressed a button signifying 1 to 4 points according to the degree of blue tones in the image; 1 point if there was 25% or less blue tones in the overall image, 2 points if the overall image was between 26--50% blue tones, 3 points if the image was between 51--75% blue tones, and 4 points if there was 75% or more blue tones in the image. Subjects were allowed to practice sufficiently before the scan so that they could become accustomed to the control judgment task.

"Control-fractal (CF)" task

The prompt, written in Korean, stated "Press the button according to the degree of blue tones," then fractal images were presented one by one. The subject then pressed a button signifying 1 to 4 points according to the degree of blue tones in the image, as described above for the landscape images. Subjects were allowed to get sufficient practice before the scan, as well, also as described above.

The visual stimuli were presented through goggles (magnet-compatible and three-dimensional goggles) worn by the subjects, and an eye tracker installed in the goggles tracked the subject's eye movements. The experimenter was able to give instructions through headphones worn by the subjects, who were instructed not to move or speak during the scan.

Image acquisition
-----------------

All subjects were scanned using a Siemens 3T Tim Trio scanner (Siemens Healthcare, Erlangen, Germany) at the Brain Imaging Center at Korea University. The blood oxygen level dependent method was applied through the echo planar imaging sequence for the fMRI, and the thickness of each image was 4.0 mm. No gap between the slices was permitted. Other MRI parameters included repetition time (TR)=2000 ms, echo time (TE)=30 ms, flip angle=90°, field of view=1440×1440 mm, and matrix=64×64. In addition, the MRI parameters in the T1 anatomical scan were TR=1900 ms, TE=2.52 ms, flip angle=9°, field of view=256×256 mm, and matrix=256×256.

Data analysis
-------------

The imaging data were analyzed using the SPM8 software (Wellcome Trust Centre for Neuroimaging , Institute of Neurology, UCL, London, UK), and a general linear model was applied. Motion corrections were made for each subject's brain image data, and the data was normalized in order to assess anatomical location. The kernel size was set to 8 mm for the smoothing process. A whole brain analysis was conducted first to survey brain regions that were activated. In the within- group and regression analyses, clusters that passed the voxel-level uncorrected threshold of p\<0.0005 and exceeded 20 voxels in size were considered activated regions. In the between-group analysis, clusters that passed the voxel-level uncorrected threshold of p\<0.005 and exceeded 20 voxels in size were considered activated regions.

AL-CL (investigating significantly activated regions when performing aesthetic judgment tasks compared to control judgment tasks for landscape images) and AF-CF (investigating significantly activated regions when performing aesthetic judgment tasks compared to control judgment tasks for fractal images) were selected as the contrast conditions. After conducting individual-level analyses, the within-group analysis was performed to verify regions that were significantly activated within each group. The between-group analysis was performed to compare differences in activated brain regions between the two groups. Moreover, to examine the correlation between the brain activity of significantly activated regions from the within-group analysis and the aesthetic judgment task scores of subjects in each group, a regression analysis was performed using SPM8 software.

The normality of the age, IQ, and psychological characteristics of the two groups was verified with Shapiro-Wilk tests, and the data were then compared with independent sample t-tests if they satisfied normality, or Mann-Whitney U tests if they failed to satisfy normality. Gender and dominant hand were compared using chi-square analysis. Correlations between the variables were analyzed with Pearson's correlation coefficient analysis.

Statistical significance was set to p\<0.05 and SPSS version 21.0 (IBM Corp., Armonk, NY, USA) was used for the statistical analyses.

RESULTS
=======

Demographic and psychological characteristics ([Table 1](#T1){ref-type="table"})
--------------------------------------------------------------------------------

###### 

Demographic and other characteristics of ASD group and HC group

   Characteristics                                 ASD group (n=17)                        HC group (n=19)                         t or U                                   p
  ------------------------------------------------ --------------------------------------- --------------------------------------- ---------------------------------------- ----------------------------------------
  Age (years)[\*](#t1f1){ref-type="table-fn"}      17.65±1.80                              18.21±2.18                              -0.841                                   0.406^[†](#t1f2){ref-type="table-fn"}^
  n (%) of male^[‡](#t1f3){ref-type="table-fn"}^   15 (88.2)                               18 (94.7)                               0.496^[§](#t1f4){ref-type="table-fn"}^   0.593
  IQ                                               96.81±11.31                             98.67±0.20                              -0.518                                   0.608
  Handedness^[‡](#t1f3){ref-type="table-fn"}^      15/2^[‖](#t1f5){ref-type="table-fn"}^   17/2^[‖](#t1f5){ref-type="table-fn"}^   0.014^[§](#t1f4){ref-type="table-fn"}^   1.000
  AQ                                               29.29±7.51                              16.84±5.77                              5.533                                    0.000^[¶](#t1f6){ref-type="table-fn"}^
  EQ                                               25.12±12.64                             44.37±14.02                             -4.333                                   0.000^[¶](#t1f6){ref-type="table-fn"}^
  SQ-R                                             44.41±21.19                             46.53±20.59                             -0.303                                   0.764

Data are presented as mean±standard deviation unless otherwise indicated.

comparison by Mann-Whitney test,

Mann-Whitney's U,

comparison by chi-square test,

χ^2^,

right-handed/ambidextrous,

p\<0.001. AQ: autism spectrum quotient, ASD: autism spectrum disorder, EQ: empathy quotient, HC: healthy control, IQ: intelligence quotient, SQ-R: systemizing quotient-revised

There was no significant difference in age or gender between the ASD and control groups. There was also no significant difference in IQ and hand dominance between the two groups.

Upon comparing AQ, EQ, and SQ-R scores between the two groups, the AQ score was significantly higher for the ASD group, at 29.29±7.51, compared to 16.84±5.77 for the control group (t=5.533, p=0.000). The EQ score was significantly higher for the control group, at 44.37±14.02, compared to 25.12±12.64 for the ASD group (t=-4.333, p=0.000). There was no significant difference in SQ-R scores between the two groups.

In the correlation analysis between the EQ, SQ-R, and AQ scores, there was a significant negative correlation between the EQ and AQ scores (r=-0.792, p=0.000). However, there was no significant correlation between the EQ and SQ-R scores, nor between the AQ and SQ-R scores.

Scores and reaction times for the fMRI tasks ([Table 2](#T2){ref-type="table"})
-------------------------------------------------------------------------------

###### 

Rating score and reaction time of ASD group and HC group

    Characteristics   ASD group (n=17)   HC group (n=19)   t        p
  ------------------- ------------------ ----------------- -------- ---------------------------------------
  Rating score                                                      
   A-total            2.40±0.51          2.74±0.38         -2.278   0.029[\*](#t2f1){ref-type="table-fn"}
   AL                 2.79±0.63          2.95±0.35         -0.910   0.372
   CL                 2.15±0.43          2.21 ±0.34        -0.467   0.644
   AF                 2.02±0.63          2.53±0.69         -2.312   0.027[\*](#t2f1){ref-type="table-fn"}
   CF                 2.10±0.35          2.15±0.31         -0.439   0.663
  Reaction time                                                     
   A-total            1849.64±358.05     1924.70±218.55    -0.749   0.461
   AL                 1798.69±504.63     1974.02±380.83    -1.166   0.253
   CL                 1939.05±347.74     2038.12±384.59    -0.812   0.423
   AF                 1909.08±446.45     1876.08±405.50    -0.231   0.819
   CF                 1773.80±340.65     1836.24 ±301.52   -0.579   0.566

Data are presented as mean±standard deviation unless otherwise indicated.

p\<0.05. A-total: aesthetic rating of total images, AF: aesthetic-fractal, AL: aesthetic-landscape, ASD: autism spectrum disorder, CF: control-fractal, CL: control-landscape, HC: healthy control

During the aesthetic judgment task, the ASD group had an average score of 2.40±0.51 while the control group had a score of 2.74±0.38 for all images, hence the ASD group had a significantly lower score than the control group (t=-2.278, p=0.029).

There was no significant difference in the aesthetic judgment task scores for the landscape images between the two groups, nor was there a significant difference in the control judgment task for the landscape images. There was also no significant difference in the control judgment task scores for fractal images. However, scores for the aesthetic judgment task for fractal images was 2.02±0.63 for the ASD group and 2.53±0.69 for the control group, hence the ASD group had a significantly lower score than the control group (t=-2.312, p=0.027).

No significant difference was observed for reaction times between the two groups for all images. There was also no significant difference in reaction times between the two groups in terms of reaction time for each task involving landscape images and each task involving fractal images.

Correlation between psychological characteristics and aesthetic judgment task scores
------------------------------------------------------------------------------------

An investigation was performed on the correlation between each psychological characteristic and the aesthetic judgment task scores for all subjects. The results showed a positive correlation between the EQ and the aesthetic judgment task score for landscape images (r=0.341, p=0.042) and between the EQ and the aesthetic judgment task score for fractal images (r=0.339, p=0.043). In addition, there was a positive correlation between the SQ-R and the aesthetic judgment task score for landscape images (r=0.364, p=0.029). On the other hand, there was a negative correlation between the AQ and aesthetic judgment task score for fractal images (r=-0.377, p=0.023).

fMRI results
------------

### Results of the within-group analysis

The brain regions showing significant activation in the control group under the AL-CL condition included the right anterior cingulate gyrus (BA 24), right medial frontal gyrus (BA 10), bilateral superior frontal gyrus (BA 6/8/9), right angular gyrus (BA 39), right supramarginal gyrus (BA 40), right posterior cingulate gyrus (BA 31), bilateral middle temporal gyrus (BA 19/21), left inferior semilunar lobule, and right fusiform gyrus (BA 20). In contrast, the brain regions showing significant activation in the ASD group under the AL-CL condition included the left superior frontal gyrus (BA 6/8), left parahippocampal gyrus (BA 36), left inferior temporal gyrus (BA 20), left superior temporal gyrus (BA 22), and the right anterior cingulate gyrus (BA 32).

Under the AF-CF condition, the control group showed significant brain activation in the right superior frontal gyrus (BA 6), bilateral inferior semilunar lobule, right inferior frontal gyrus (BA 45/47), left inferior frontal gyrus (BA 47), left superior frontal gyrus (BA 8), right middle temporal gyrus (BA 21/39), and right superior temporal gyrus (BA 38). Under the AF-CF condition, the ASD group showed significant brain activation in the left anterior cingulate gyrus, right superior frontal gyrus (BA 8), bilateral middle temporal gyrus (BA 21), right fusiform gyrus (BA 20), right cingulate gyrus (BA 31), left angular gyrus (BA 39), and left superior frontal gyrus (BA 6/8).

### Results of the between-group analysis

Under the AL-CL condition, the right superior frontal gyrus (BA 6/9) showed significantly more activation in the control group than the ASD group, while the left cingulate gyrus (BA 31), bilateral inferior semilunar lobule, left middle frontal gyrus (BA 6), left angular gyrus (BA 39), bilateral inferior parietal lobule (BA 40), right medial frontal gyrus (BA 6), right cerebellar tonsil, left insula (BA 13), and right precuneus (BA 7) showed significantly more activation in the ASD group than the control group ([Table 3](#T3){ref-type="table"}, [Fig. 2](#F2){ref-type="fig"}).

###### 

Significantly activated areas when 'AL' condition was compared to 'CL' condition (AL-CL condition)

    Region                      Side    BA   MNI coordinates   Peak t-value   Cluster size (voxels)          
  ----------------------------- ------- ---- ----------------- -------------- ----------------------- ------ -----
  HC group \>ASD group                                                                                       
   Superior frontal gyrus       Right   6    8                 32             60                      3.93   37
   Superior frontal gyrus       Right   9    10                53             24                      3.58   45
  ASD group \> HC group                                                                                      
   Cingulate gyrus              Left    31   -16               -44            28                      3.7    54
   Inferior semilunar lobule    Left         -19               -68            -43                     3.67   74
   Inferior semilunar lobule    Left         -14               -65            -36                     2.86   
   Middle frontal gyrus         Left    6    -26               -4             47                      3.59   75
   Angular gyrus                Left    39   -35               -72            33                      3.51   353
   Angular gyrus                Left    39   -31               -57            33                      3.32   
   Inferior parietal lobule     Left    40   -42               -54            42                      2.77   
   Medial frontal gyrus         Right   6    13                -14            54                      3.11   21
   Cerebellar tonsil            Right        27                -58            -33                     3.03   54
   Inferior parietal lobule     Right   40   35                -52            36                      2.98   36
   Cerebellar tonsil            Right        44                59             -42                     2.95   71
   Inferior semi-lunar lobule   Right        42                -67            -41                     2.86   
   Insula                       Left    13   -34               21             0                       2.88   60
   Precuneus                    Right   7    24                -57            -28                     2.85   47
   Precuneus                    Right   7    22                -57            35                      2.81   

Thresholded at p\<0.005 uncorrected voxel level, extent threshold 20 voxels. AL: aesthetic-landscape, ASD: autism spectrum disorder, BA: Brodmann area, CL: control-landscape, HC: healthy control, MNI: Montreal Neuroimaing Institute

![Brain regions showing significant activation related on aesthetic judgement conditions with AL-CL contrast. A: In AL-CL contrast, HC group exhibited more activation in the right superior frontal gyrus (BA 6, 9) than ASD group. B: In the same contrast, ASD group showed relative hyperactivation in the left cingulate gyrus (BA 31), cerebellum, left middle frontal gyrus (BA 6), left angular gyrus (BA 39), bilateral inferior parietal lobule (BA 40), right medial frontal gyrus (BA 6), left insula (BA 13), right precuneus (BA 7) compared to HC group. AL: aesthetic-landscape, ASD: autism spectrum disorder, BA: Brodmann area, CL: control-landscape, Color bar: t-value, HC: healthy control.](JKACAP_29_101_fig_2){#F2}

Under the AF-CF condition, the left cingulate gyrus (BA 32), left superior frontal gyrus (BA 9), and left inferior semilunar lobule showed significantly more activation in the control group than the ASD group. On the other hand, the left claustrum, right amygdala, right middle temporal gyrus and inferior temporal gyrus (BA 37), left culmen, and left insula showed significantly more activation in the ASD group than the control group ([Table 4](#T4){ref-type="table"}, [Fig. 3](#F3){ref-type="fig"}).

###### 

Significantly activated areas when 'AF' condition was compared to 'CF' condition (AF-CF condition)

  Region                       Side    BA   MNI coordinates   Peak t-value   Cluster size (voxels)          
  ---------------------------- ------- ---- ----------------- -------------- ----------------------- ------ ----
  HC group \>ASD group                                                                                      
   Cingulate gyrus             Left    32   -12               22             30                      3.29   25
   Superior frontal gyrus      Left    9    -14               44             32                      3.21   38
   Superior frontal gyrus      Left    9    -23               41             33                      3.15   
   Inferior semilunar lobule   Left         -32               -78            -43                     3.19   41
   Inferior semilunar lobule   Left         -38               -72            -43                     3.12   
  ASD group \> HC group                                                                                     
   Claustrum                   Left         -25               20             15                      3.61   64
   Amygdala                    Right        33                -7             -21                     3.55   50
   Middle temporal gyrus       Right   37   45                -62            5                       3.43   85
   Inferior temporal gyrus     Right   37   49                -71            2                       2.85   
   Culmen                      Right        21                -29            -23                     3.21   36
   Insula                      Left    13   -42               -2             3                       2.9    28

Thresholded at p \<0.005 uncorrected voxel level, extent threshold 20 voxels. AF: aesthetic-fractal, ASD: autism spectrum disorder, BA: Brodmann area, CF: control-fractal, HC: healthy control, MNI: Montreal Neuroimaing Institute

![Brain regions showing significant activation related on aesthetic judgement conditions with AF-CF contrast. A: In AF-CF contrast, HC group exhibited more activation in the left cingulate gyrus (BA 32), left superior frontal gyrus (BA 9), left inferior semilunar lobule of the cerebellum than ASD group. B: In the same contrast, ASD group showed relative hyperactivation in the left claustrum, right amygdala, right middle temporal gyrus (BA 37), right culmen of the cerebellum, left insula compared to HC group. AF: aesthetic- fractal, ASD: autism spectrum disorder, BA: Brodmann area, CF: control-fractal, Color bar: t-value, HC: healthy control.](JKACAP_29_101_fig_3){#F3}

Results of the regression analysis ([Fig. 4](#F4){ref-type="fig"})
------------------------------------------------------------------

![Brain regions showing significant activation with regression analysis. A: While performing "AL-CL contrast," positive correlations were found in the ASD group between activity in various areas. The activated areas of left superior temporal gyrus and left inferior parietal lobule are seen. B: While performing "AF-CF contrast," positive correlations were found in the HC group between activity in various areas. The activated areas of left caudate and right cingulate gyrus are seen. AF: aesthetic-fractal, AL: aesthetic-landscape, ASD: autism spectrum disorder, BA: Brodmann area, CF: control-fractal, CL: control-landscape, HC: healthy control.](JKACAP_29_101_fig_4){#F4}

In the results of the regression analysis between the aesthetic judgment task score and the degree of brain activation under the AL-CL condition, there was a significant positive correlation in the left anterior nucleus of the thalamus, left head of the caudate nucleus, and left dorsomedial nucleus of the thalamus for the control group. In contrast, there was a significant positive correlation in the bilateral anterior cingulate gyrus (BA 23/24), left superior temporal gyrus (BA 22/42), left middle frontal gyrus (BA 10), left inferior parietal lobule (BA 40), and right superior frontal gyrus (BA 9) for the ASD group.

In the regression analysis between the aesthetic judgment task score and the degree of brain activation under the AF-CF condition, there was a significant positive correlation in the left caudate nucleus, left superior frontal gyrus (BA 8), right cingulate gyrus (BA 23), and left middle frontal gyrus (BA 10/46) for the control group. Under the same condition, the ASD group showed a significant positive correlation in the right anterior cingulate gyrus (BA 32), right middle frontal gyrus (BA 11), right superior temporal gyrus (BA 22), and left precentral gyrus (BA 6).

DISCUSSION
==========

There was a significant difference in the EQ and AQ scores between the two groups, which is consistent with results from previous studies. However, the SQ-R score showed no significant difference between the two groups. Since the development of the SQ-R, many studies have reported that ASD patients showed significantly higher scores on this questionnaire, although some studies have reported no significant difference in the SQ-R score between ASD patients and normal individuals.[@ref25],[@ref26] With respect to these results, Ghim et al.[@ref26] proposed that a comparison on the relative differences between EQ and SQ-R score is more important than a comparison between the SQ-R scores themselves. From the EQ, SQ-R, and AQ scores, the correlation analysis results only showed a significant negative correlation between EQ and AQ scores, implying that the EQ and AQ scores are the only ones that interact with each other. These results are consistent with those of Ghim et al.[@ref26] In other words, higher autistic tendencies are associated with lower empathy.

It is important to note that the aesthetic judgment score of the ASD group was significantly lower than the control group in terms of the aesthetic judgment for all images. If the images were categorized, while there was no significant difference in the aesthetic judgment scores for landscape images between the two groups, the ASD group's aesthetic judgment score for the fractal images was significantly lower than the control group's score. Fractal properties are easily found in nature, but it is difficult to encounter fractal images for most people.[@ref24] Therefore, these results imply that the ASD group felt that the fractal images were less familiar, and therefore less beautiful than did the control group.

In the correlation between the aesthetic judgment scores and the psychological characteristics for all subjects, the EQ score was positively correlated with the aesthetic judgment scores on both landscape images and fractal images. These results imply that an individual with higher empathic ability will judge an image to be more beautiful. In contrast, there was a negative correlation between the AQ and the aesthetic judgment score for fractal images. In other words, an individual with greater autistic tendencies is more likely to judge a fractal image as less beautiful.

The results of the within-group analysis showed that there was more brain activation in the frontal lobe, cingulate gyrus, superior temporal gyrus, and middle temporal gyrus for both the ASD group and the control group when making aesthetic judgments, compared to control judgments. These results were similar in both landscape images and fractal images.

Brain regions that are often reported to be related to aesthetic experiences in neuroaesthetic studies include the superior frontal area, which is related to laughing, positive emotions, and acquisition of aesthetic views by controlling priming towards the pragmatic view,[@ref11],[@ref27]-[@ref29] the cingulate gyrus, related to attention and emotional information processing,[@ref24],[@ref30] and the middle temporal gyrus, which is related to semantic processing.[@ref10],[@ref24]

Therefore, such results from the within-group analysis support the conclusion that the aesthetic judgment tasks in this study properly activated the relevant brain regions.

The more notable result in the between-group analysis was that the ASD group showed significantly lower activation in the anterior region of the superior frontal gyrus (BA 9) compared to the control group, regardless of the type of stimulus. However, the ASD group showed predominantly greater activation in the angular gyrus (BA 39), inferior parietal lobule (BA 40), posterior region of middle/inferior temporal lobe, and insula (BA 13), when compared to the control group. In other words, when making aesthetic judgments, the ASD group had relatively less activation in the anterior areas of the brain, such as the dorsolateral prefrontal area, compared to normal individuals, while the posterior areas, such as the temporoparietal area, became relatively more active. These results imply that when the ASD group has aesthetic experiences, the dorsolateral prefrontal area that makes cognitive adjustments to control the pragmatic view and maintain the aesthetic view[@ref11],[@ref29] is less activated than in normal individuals, while there is more activation in the temporoparietal area, which is related to visual analysis or visuospatial processing of objects.

The right superior frontal gyrus (BA 6/9), which was less activated in the ASD group than in the control group, has been reported to be related to laughing and positive reactions.[@ref27] Therefore, the ASD group may have experienced less positive emotions during aesthetic judgments of images than the control group.

The angular gyrus (BA 39) and inferior parietal lobule (BA 40), which showed greater activation for the ASD group than the control group, have been reported to be connected to somatosensory spatial discrimination[@ref31] and visuospatial processing.[@ref32] The relative activation of the left insula (BA 13) in the ASD group is also important. Cognitive processing occurs in the left insula to assess appropriate context using affect regarding emotional experiences.[@ref11],[@ref30] In addition, the insula has been shown to be activated when making objective judgments on the beauty of aesthetic stimuli.[@ref29] Therefore, these results suggest that brain areas that are used during a physical or visuospatial analysis of stimuli during an aesthetic experience, or used to objectively judge the beauty of objects, are hyperactivated in a compensatory manner in ASD patients.

It is necessary to note that the amygdala and posterior regions of the middle/inferior temporal gyrus (BA 37) showed significantly more activation in the ASD group under the AF-CF condition. The amygdala is associated with negative emotions, anxiety, and surprise.[@ref33] The amygdala determines what kind of emotional reaction a person will make toward emotional information based on their emotional memory. The amygdala of ASD patients is hyperactive to stimuli that would be considered weak to normal individuals.[@ref34],[@ref35] Some studies use this mechanism to explain the social phobia that is demonstrated by ASD patients.[@ref36] Our study showed that the amygdala had significantly increased activation in the ASD group than the control group when making aesthetic judgments on fractal images, which implies that ASD patients experienced greater anxiety or surprise from fractal images than normal individuals. These negative emotions may have contributed to why the ASD group judged fractal images as being less beautiful.

Moreover, BA 37 includes the fusiform gyrus, which has functional connections with the amygdala. While it serves to recognize the facial information and affect of other people, it is also related to structure judgment regarding familiar objects[@ref37] or colors, and maintaining attention.[@ref38] In previous studies, BA 37 was more activated for individuals with ASD than for normal individuals when tasks such as calculations were given, and greater activation of this area was correlated to greater task performance skills in the ASD group.[@ref39] The fractal stimuli used in this study have mathematically consistent regularities, and such regularities induce higher concentration in the ASD group, which may have caused the increased activation of the BA 37 area.

In the results of the regression analysis, there was a significant positive correlation between the aesthetic judgment score and degree of activation of the caudate nucleus for both landscape images and fractal images in the control group. However, the ASD group did not produce the same result. Activation of the reward system in the brain during aesthetic experience is often reported,[@ref12],[@ref15] but the results of this study imply that the reward system may be relatively less active in the ASD group than in normal individuals during an aesthetic experience. While there was a significant correlation between the aesthetic judgment score and degree of activation of the superior temporal gyrus (BA 22) for both landscape images and fractal images in the ASD group, no significant correlations were found in the control group. BA 22 pertains to Wernicke's area, which is related to processing auditory language40) and semantic analysis,[@ref41] and there have been reports of its association with processing non-linguistic auditory stimuli in the non-dominant hemisphere.[@ref42] The activation of this area related to auditory and language reception when making judgments on the beauty of visual stimuli appears to be a slightly unusual result.

The following are the limitations of this study. First, there were only a few subjects in each group. However, we made an effort to secure statistical significance by matching the IQ and age of each group. Second, the age of the subjects was limited to 15--22 years old, hence our study was unable to reflect differences that may appear among older or younger ASD patients and normal individuals. Third, this study was unable to use structured assessment tools such as the Autism Diagnostic Observation Schedule[@ref43] or the Autism Diagnostic Interview-Revised[@ref44] for the ASD diagnosis. However, the ASD patients who participated in this study had all been diagnosed by psychiatrists who completed child and adolescent psychiatry fellowships, with many years of clinical experience, and the autistic characteristics of the ASD patients that were surveyed through the AQ were roughly twice as high as the control group. Fourth, all participants in this study had an IQ of 70 or higher. In 50--70% of individuals with ASD, the disorder is accompanied by intellectual disabilities,[@ref45] which makes it difficult to apply the results of this study to all ASD patients. However, in order for subjects to properly understand and perform the fMRI tasks presented in this study, ASD patients with a certain level of cognitive function were required. Moreover, the majority of fMRI studies have been performed on subjects with an IQ of 70 or higher.

In spite of these limitations, this study holds significance in that it is the first study that has investigated differences in brain reactions when making aesthetic judgments between ASD patients and normal individuals. This study was able to verify that even typical ASD patients without savant skills showed differences in a degree of aesthetic judgments from normal individuals, and that their brain activation patterns when making aesthetic judgments also differ from normal individuals. Such results provide considerable implications for the social rehabilitation, designing of educational curricula, and establishing of art therapy processes for ASD patients. Going forward, more research on the aesthetic experience of ASD patients may be conducted using various other methods so that diverse research results can be applied to the treatment and rehabilitation of ASD patients.

CONCLUSION
==========

During aesthetic judgments on artwork, the ASD group reported that the artwork was less beautiful than did the control group. The differences in aesthetic judgments of fractal images were particularly remarkable. Results of functional brain imaging showed that the dorsolateral prefrontal area was relatively less active in the ASD group when making aesthetic judgments, while the temporoparietal area and insula were hyperactive regardless of the type of the artwork. The amygdala and posterior region of the middle/inferior temporal gyrus were particularly more activated in the ASD group when making aesthetic judgments for fractal images. Such results suggest that the brain processing of ASD patients' aesthetic experiences may differ from that of normal individuals.
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